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IN GRUNDY COUNTY, ILLINOIS 
by 
Misganaw Demissie and Basilis Stephanatos 
INTRODUCTION 
The Illinois Department of Conservation (IDOC) is the state agency 
which is presently responsible for management of the Illinois and Michigan 
Canal. The canal was designed to accept water from several streams along 
its course to maintain selected water levels in the canal. Because of its 
design, age, and condition when acquired by IDOC, it has had flooding 
problems at several locations. 
Since IDOC and the state are interested in keeping most of the canal 
open as a recreational corridor, some of the streams are still allowed to 
enter the canal. During heavy rainfall, the canal is not always capable of 
containing the high volume runoff from the streams and thus its banks are 
overtopped occasionally. 
Following canal construction in the mid-1800s, adjacent private land 
areas which occasionally had been flooded by these streams were placed 
under cultivation because of the flood protection the completed canal 
provided. However, some flooding has continued to occur, and some property 
owners adjoining the canal have attempted to sue the state for alleged 
damages. The Department of Conservation is interested in determining how 
much flooding is caused by the overflow of water from the canal, how much 
flood protection has resulted from interception of local watersheds by the 
canal, and how much of the flooding of these areas has been caused by the 
pondage of rainwater and local runoff water from sources other than the 
canal. 
Objectives of the Study 
The main objective of this study was to conduct a hydrologic and 
hydraulic investigation of the Illinois and Michigan Canal in Grundy 
County, Illinois, from the point where Carson Creek enters the canal to the 
Waupecan Island spillway, where the canal water is allowed to outflow to 
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the Illinois River. Questions to be answered in relation to flooding 
around the project area included: 
1) At what flows does the Illinois and Michigan Canal overtop its 
levee's? 
2) What were the conditions of the area south of the canal before any 
flooding from the Illinois and Michigan Canal started? 
3) Is there an adequate drainage system from the area south of the 
canal to drain all the water from heavy rains and/or flooding from 
the Illinois River? 
4) During the specific flood events which are the subject of current 
litigation, what proportion of the flooding resulted from canal 
overflow? 
5) What was the historic (natural) drainage of the area prior to canal 
construction, and what degree of flooding would probably have 
occurred in the absence of the canal? 
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BACKGROUND 
The Illinois and Michigan canal was constructed by the State of 
Illinois in the mid-1800s to link Lake Michigan with the Illinois River for 
navigation. Construction of the canal started in 1836 and was completed in 
1848. The route of the canal generally followed that of the Des Plaines 
River in the eastern portion and the Illinois River in the western portion, 
as shown in figure 1. The canal extended from the south branch of the 
Chicago River in Chicago to the Illinois River at LaSalle-Peru for a total 
length of 96.4 miles. The original canal was designed for the most part 
with a 36-foot bottom width, a 60-foot water-line width, and a 6-foot depth 
as shown in figure 2. The canal had fifteen locks and four aqueducts to 
facilitate navigation. It also had four feeders to supply water to the 
canal and maintain adequate depth for navigation. 
Navigation in the Illinois and Michigan Canal declined and finally 
was terminated after construction of the Sanitary and Ship Canal, Calumet-
Sag Channel, and locks and dams on the Illinois River in the early 1900s. 
At the present time the canal is managed as a recreational and historic 
corridor. 
In the study area, which consists of the 4.9-mile reach of the 
Illinois and Michigan Canal from the Carson Creek inlet to the Waupecan 
Island spillway (figure 1), the only source of water is Carson Creek. An 
earthen dam placed in the canal just west of the mouth of Carson Creek 
prevents water from flowing west except during extreme flood events. Thus 
most of the water from Carson Creek flows east in the canal and overflows 
to the Illinois River at the Waupecan Island spillway. Drainage from other 
shallower creeks north of the canal passes beneath the canal through 
culverts to the area south of the canal and eventually empties into the 
Illinois River. 
This portion of the canal was dredged in 1951 to increase the flow-
carrying capacity of the canal (Illinois Department of Transportation, 
1981). At present, most of the dredged canal has accumulated sediment 
transported by Carson Creek, and there is significant vegetative growth in 
the canal and on the banks. Thps bank of the 
canal, is in relatively good condi4tion, with minor breaks reported during 
extreme floods. 
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Figure 1. The Illinois and Michigan Canal 
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Figure 2. Cross-sectional design of original canal 
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CARSON CREEK WATERSHED 
Carson Creek is the only source of water and flooding in the 4.9-mile 
reach of the Illinois and Michigan Canal under investigation. The creek, 
its watershed, and the canal in the study area are shown in figure 3. The 
drainage area of Carson Creek at its mouth is 9.4 square miles. The two 
main tributary creeks, Long Point Creek and Stanton Creek, drain most of 
the upper watershed. The two creeks join each other to form Carson Creek 
1-1/2 miles north of the Illinois and Michigan Canal. The northern and 
eastern part of the Carson Creek watershed is drained by Long Point Creek, 
which originates in southern Miller Township near Interstate 80. Long 
Point Creek drains about 5.5 square miles of the total drainage area of 
Carson Creek. Stanton Creek, which originates just south of the origin of 
Long Point Creek, drains the mid-section and the western part of the 
watershed. The drainage area of Stanton Creek upstream of its junction 
with Long Point Creek is about 2.5 square miles. An unnamed creek drains 
the southern 1.0 square mile of the Carson Creek watershed. 
The total relief of the watershed from the drainage divide to the 
mouth of Carson Creek at the Illinois and Michigan Canal is about 200 feet, 
which results in a very steep slope of 21.6 feet/mile for the stream 
channels. In general the southern parts of the stream channels are much 
steeper than the upper segments. This is because of the Illinois River 
Valley bluff, which drops 50 to 70 feet from the uplands to the floodplain 
in less than one-tenth of a mile. Once the creek reaches the Illinois 
River floodplain, the channel slope becomes mild. The soils in the upper 
Carson Creek watershed north of the bluff line consist of less than 18 
inches of dark loess over a silty clay glacial till (Alexander and Paschke, 
1972; Smith et al., 1924; Reineback, 1980). The drainage of these types of 
soils is generally characterized as poor. 
FLOOD FLOW ANALYSES 
Analyses of flooding involve several hydrologic and hydraulic 
computations to determine the extent and severity of flooding. In areas 
where stream flow records are available, the hydrologic analysis is 
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Figure 3. Carson Creek watershed 
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straightforward, in that flood hydrographs of storm events are available on 
record and are used in the analysis. A flood hydrograph is a record of 
stream flows at different times during a flood event. It is generally 
presented either as a table or figure. Where stream flow records are not 
available, however, the hydrologic analyses involve generating flood 
hydrographs from precipitation records, antecedent soil moisture 
conditions, and physical characteristics of the watershed. Generally, this 
process is performed by using hydrologic models, which are a series of 
mathematical relations developed to simulate the hydrologic response of a 
watershed under different precipitation and ground conditions. The 
computations are generally performed by a computer since they are complex 
and time consuming. Since the Carson Creek watershed does not have a 
stream gaging station to provide the flood hydrographs needed to evaluate 
the flooding during storm events, a hydrologic model was used to generate 
the flood hydrographs needed for the analysis. 
Once the flood hydrographs are generated, hydraulic models of open 
channel flow are used to simulate the flow of water in stream channels or 
canals so that flood elevations, flow velocities, and the extent of areas 
flooded can be determined. The hydrologic and hydraulic analyses of the 
flooding along the Illinois and Michigan Canal are discussed in the 
following sections. 
Hydrologic Analyses 
The hydrologic analyses involve simulation of the surface runoff 
response of the Carson Creek watershed to precipitation during different 
storm events. Surface runoff is that part of the precipitation which flows 
over land surfaces to stream channels. Of the remaining part of the 
precipitation which does not appear as surface runoff, some infiltrates 
into the ground, some is stored in local depressions within the watershed, 
and some is lost to the atmosphere due to evapotranspiration. Flooding 
occurs when the surface runoff into a stream channel or canal exceeds the 
flow-carrying capacity of the channel. 
The HEC-1 program from the Hydrologic Engineering Center of the U.S. 
Army Corps of Engineers (Hydrologic Engineering Center, 1981) was selected 
for the hydrologic analysis of the Carson Creek watershed because of its 
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capabilities and wide applications in engineering analyses. A brief 
discussion of the HEC-1 program follows. 
The HEC-1 model is designed to simulate the surface runoff response 
of a river basin to precipitation by representing the basin as an inter-
connected system of hydrologic and hydraulic components. Each component 
models an aspect of the precipitation-runoff process within a portion of 
the basin, commonly referred to as a sub-basin. A component may represent 
a surface runoff entity, a stream channel, or a reservoir. Representation 
of a component requires a set of parameters which specify the particular 
characteristics of the component, and mathematical relations which describe 
the physical processes. The result of the modeling process is the 
computation of streamflow hydrographs at desired locations in the stream or 
river basin. 
In general, there are three major steps in the HEC-1 computations. 
The first step is the determination of rainfall excess or effective 
rainfall, which is that portion of the rainfall which generates runoff. 
This step is accomplished by calculating rainfall losses and subtracting 
them from the total rainfall. Once the effective rainfall has been 
determined, the next step is to generate the surface runoff resulting from 
the effective rainfall. The surface runoff from each sub-basin is then 
routed (transported) through stream channels and combined to produce the 
runoff hydrograph at the outlet of the watershed. 
The flood hydrograph at the outlet of a watershed is obtained by 
 choosing the appropriate options available in the model and by preparing 
the data needed to run the model. Once the hydrologic analysis is 
completed, the flood hydrograph information generated is used for a 
hydraulic analysis to determine flood elevations along a stream or a canal. 
Hydraulic Analyses 
Hydraulic analyses were performed to calculate floodwater elevations 
along the Illinois and Michigan Canal. Appendix A provides a brief 
background on the hydraulics of open channel flow, presents the basic 
equations used to compute water surface elevations and the assumptions 
involved in deriving the equations, and discusses the calculation 
techniques of the HEC-2 computer program, which was used for the 
computations. The HEC-2 computer program (HEC, 1984) is the most widely 
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used method for flood elevation determinations for flood insurance 
purposes, and is one of two methods recommended by the Federal Emergency 
Management Agency, Federal Insurance Administration (1985). 
FLOODING ALONG THE ILLINOIS AND MICHIGAN CANAL 
DURING STORM EVENTS OF SEPTEMBER 1980 AND JUNE 1981 
Flood Hvdrographs from the Carson Creek Watershed 
Flood hydrographs at the mouth of the Carson Creek watershed were 
computed for two storm events in September 1980 and June 1981, using the 
HEC-1 and the rainfall records from several precipitation recording 
stations in the vicinity of the study area. 
The actual rainfall data used in this investigation were taken from 
daily precipitation records at the Gebhard Woods State Park Station located 
in Morris, Illinois, east of the study site. This station is the closest 
precipitation station to the study site as shown in figure 4. The daily 
precipitation amounts during the two storms are given in table 1. 
Table 1. Daily Precipitation during September 7-9, 1980 and June 12-14, 
1981 at Gebhard Woods State Park, Morris, Illinois 
Precipitation 
Date (inches) 
September 7, 1980 0.10 
September 8, 1980 1.90 
September 9, 1980 0.20 
June 12, 1981 0.02 
June 13, 1981 3.01 
June 14, 1981 1.75 
The severity of storm events is measured by the frequency or the 
recurrence interval of the storm. The frequency or the recurrence interval 
is calculated from historical records of precipitation data for the area. 
For Illinois, rainfall frequencies for different durations and regions are 
provided in Technical Letter 13 of the Illinois State Water Survey 
(Ackermann, 1970). The frequency of storms in the Carson Creek watershed 
was calculated from the rainfall frequency tables for the north-central 
region of the state. 
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Figure 4. Location of climate stations in Illinois 
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The storm of September 7-9, 1980 with 2.2 inches of rainfall in three 
days had an average recurrence interval of less than 2 years. This means 
that such a storm can be expected to happen every year on the average. It 
is possible that several such storms could happen in any year, and it is 
also possible that there would be some years where no such storms would 
occur. 
Review of the rainfall records shows that a week earlier, on 
August 31 and September 1, there was a more severe storm with a total of 
4.58 inches of rainfall. The recurrence interval of that rainfall is 11.5 
years. It is interesting to note that no major flooding was reported 
during the August 31 to September 1 storm, while flooding and crop damage 
were reported for the September 7 to 9 storm, which has a lower recurrence 
interval. 
The June 12-14, 1981 storm with 4.78 inches of rainfall in three days 
was more severe than the September 1980 storm. The recurrence interval for 
the two-day storm on June 13 and 14 was 14 years. Thus on the average such 
a rainstorm will be expected to take place only once every 14 years. 
To provide a general perspective of the precipitation variability for 
the area, the monthly and annual rainfall records at the Gebhard Woods 
State Park Station from 1971 to 1981 are shown in table 2. The rainfall 
values for the months of September 1980 and June 1981 were 7.10 and 6.21 
inches, respectively. These values are the second highest rainfall values 
for their respective months during the period 1971 to 1981. The September 
1980 rainfall was exceeded only in 1977, when there was 10.89 inches of 
rainfall. The June 1981 rainfall was exceeded in 1978 with 6.55 inches of 
rainfall. The two periods under investigation were therefore among the 
wettest months since 1971. 
The daily precipitation records at Gebhard Woods State Park were 
further synthesized to hourly precipitation by using the hourly 
precipitation records at the Waterman, Argonne National Laboratory, and 
Wenona stations, which are the closest hourly precipitation stations to the 
study site. The hourly precipitation amounts were then used in the HEC-1 
program to generate the flood hydrographs from the Carson Creek watershed. 
The two flood hydrographs generated by the storms in September 1980 
and June 1981 are shown in figures 5 and 6, respectively. The peak 
discharges for the two floods were 1080 cfs on September 8, 1980 and 1846 
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Table 2. Monthly and Annual Precipitation Record 
at the Gebhard Woods Park Station 
Year Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. Annual 
1971 .91 1.71 2.11 .81 1.88 2.48 2.32 1.83 2.01 .86 .98 5.17 24.07 
1972 .76 .8 2.4 4.22 2.48 6.19 6.38 7.76 3.4 2.3 2.87 2.67 42.27 
1973 1.25 .69 3.98 3.62 7.09 4.4 4.07 1.23 1.70 4.68 1.45 2.96 37.12 
1974 2.71 1.87 2.16 3.98 7.21 5.31 .75 1.83 2.21 1.34 3.85 1.75 34.97 
1975 2.51 1.98 1.46 5.77 7.30 4.36 2.26 3.47 1.99 2.59 1.28 2.11 37.08 
1976 .99 1.59 5.15 3.06 3.94 .84 1.49 2.19 2.07 2.17 .75 .56 24.80 
1977 .85 1.16 3.90 3.68 3.01 2.41 9.38 6.20 10.89 3.27 2.17 2.05 48.97 
1978 1.08 .49 1.78 5.62 3.97 6.55 3.31 1.45 2.60 2.12 2.89 2.77 34.63 
1979 3.24 1.27 4.75 5.71 2.04 3.38 4.63 5.63 .00 2.08 3.09 1.85 37.67 
1980 .59 1.95 2.43 2.06 4.35 4.04 1.69 6.43 7.10* 2.54 1.03 2.37 36.58 
1981 .24 1.98 .63 6.40 5.52 6.21* 4.48 5.09 2.57 1.39 2.17 1.17 38.19 
*Precipitation for months under investigation 
Figure 5. Flood hydrograph of the storm on September 8, 1980 
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Figure 6. Flood hydrograph of the storm on June 13, 1981 
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cfs on June 13, 1981. The two flood hydrographs were then discretized, as 
shown in the dashed lines in figures 5 and 6, for use in the HEC-2 flood 
routing model. 
Flood Elevations along the Illinois and Michigan Canal 
The HEC-2 program was used to calculate the water surface elevations 
in the 4.9-mile reach of the Illinois and Michigan Canal between the mouth 
of Carson Creek and the Waupecan Island spillway. A total of 45 cross 
sections were used to run the HEC-2 program. The cross-sectional data were 
obtained from a survey report from Chamlin and Associates, Inc. (1981). 
Values of Manning's roughness coefficient, n, discussed in Appendix A, were 
estimated from field inspections and from aerial photos. For the main 
canal the Manning's n ranged from 0.030 to 0.045, while for the floodplain 
it varied from 0.060 to 0.090. Water surface elevations were calculated 
from the downstream end of the canal at the Waupecan Island spillway to the 
mouth of Carson Creek. 
The spillway elevation at Waupecan Island controls the starting water 
surface elevations at the downstream end of the study area. The crest of 
the spillway is 2.5 feet below the canal towpath to maintain a desirable 
water level in the canal. 
The flood elevations along the Illinois and Michigan Canal computed 
for the floods of September 8, 1980 and June 13, 1981 are shown in figures 
7 and 8, respectively. Also shown in these figures are the channel bed, 
north bank, and canal towpath elevations. As can be seen from the figures, 
the canal banks were overtopped during the two floods. 
The duration and extent of the overtopping for the two floods were 
further analyzed for the lowest section of the towpath at station 360+00. 
The results are shown in figures 9a and b for the September 1980 and June 
1981 floods, respectively. On September 8, 1980, the towpath was 
overtopped for 3-1/2 hours at station 360+00. The maximum height of 
overtopping was 1 foot. On June 13, 1981, the towpath was overtopped for 6 
hours at station 360+00. The maximum height of overtopping was 1.4 feet. 
Flooding of Adjacent Areas 
The area south of the Illinois and Michigan Canal and north of the 
Illinois River is a low-lying area within the floodplain of the Illinois 
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Figure 7. Flood elevations along the Illinois and Michigan Canal on 
September 8, 1980 
Figure 8. Flood elevations along the Illinois and Michigan Canal on 
June 13, 1981 
Figure 9. Flood elevations at station 360+00 during the storms on 
September 8, 1980 and June 13, 1981 
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River. During extreme floods of the Illinois River, this area is flooded 
by floodwaters from the Illinois River. The area flooded by the 100-year 
flood in the Illinois River is shown in figure 10, which is taken from the 
Firm Flood Insurance Rate Map for Grundy County, Illinois (FEMA, 1985). 
Other sources of flooding for this area are the streams and creeks which 
drain the area north of the Illinois and Michigan Canal, and the 
accumulation of rainwater within the area. 
The soils in this area are primarily silty clay loam, which drains 
poorly. The soil map of the area is shown in figure 11 and a discussion of 
the soil characteristics, taken from the soil survey of Grundy County 
(Reineback, 1980), is included in Appendix B. 
The predominant soil types in the area are Bryce silty clay (#235), 
Peotone silty clay loam (#330), and Bryce-Calamine Variant Complex (#553). 
The drainage characteristics of these soils are described as follows 
(Reineback, 1980): 
235 - Bryce silty clay. -- This nearly level, poorly drained 
soil is on flat and slightly depressional uplands. It is subject 
to occasional flooding for brief periods from March to June. 
330 - Peotone silty clay loam. -- This nearly level, very 
poorly drained soil is on creek bottoms, in drainageways, or in 
depressional areas in uplands. It is subject to occasional 
flooding for long periods from February through June. 
553 - Bryce-Calamine Variant Complex. -- These nearly level, 
poorly drained soils are on river terraces. They are subject to 
occasional flooding for long periods from January to April. 
Thus the drainage of water from the soils in the area is poor and the 
soils are prone to flooding from direct rainfall and local runoff, even 
without additional water from another source. 
In order to determine how many acres of farmland were flooded during 
the September 1980 and June 1981 storms, elevation-area-volume curves 
(shown in figure 12) were developed for the area between the Illinois and 
Michigan Canal and the Illinois River on the basis of topographic maps 
(with 2-foot contour interval) of the area (Illinois Department of Public 
Works and Buildings, Division of Waterways, 1971). 
Figure 12 shows how many acres of land will be flooded when the water 
surface reaches a certain elevation. It also shows the volume or the 
amount of water that will be stored in the area for a given water surface 
elevation. The lowest ground elevation is about 494 feet above mean sea 
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Figure 10. Flood zones along the Illinois River near the study site (FEMA, 
1985) 
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Figure 11. Soil map of the area between the Illinois and Michigan Canal 
and the Illinois River (from Reineback, 1980) 
(See appendix B for descriptions of the soil types) 
Figure 12. Stage-area-volume curves for the area south of the Illinois and 
Michigan Canal and north of the Illinois River 
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level (msl); thus there will be no overland flooding for water surface 
elevations below 494 ft msl. As water elevations in the area increase, 
more and more areas are flooded as shown by the solid curve, and the amount 
of water stored is determined from the dashed curve. 
The area between the I & M Canal and the Illinois River does not have 
an adequate surface drainage system. There are drainage tiles underground; 
however, drainage tiles are not designed to drain floodwaters. They are 
designed to drain water in the soil and they perform that task by 
collecting the water which seeps into the ground slowly. Since floodwaters 
accumulate quickly in depressions and low-lying areas, the proper drainage 
method is to provide drainage ditches. 
The general sequence of water pondage in low-lying areas is 
illustrated in figure 13. Direct rainfall and surface water runoff from 
nearby areas accumulate in the low-lying areas before any floodwaters from 
streams which drain distant areas approach the area. Some of the 
accumulated water seeps into the ground, while some remains as ponded 
water. Floodwaters from the watersheds of nearby streams arrive at a later 
time because of the time it takes for the water to travel from the upper 
part of the watershed to the downstream reaches. If the ponded water 
elevation is less than the water elevation in the streams, then floodwaters 
from the streams spill over to the low-lying areas, further increasing the 
extent of flooding. 
The flooding of the area between the I & M Canal and the Illinois 
River for the two floods under investigation is analyzed on the basis of 
the ponding sequence discussed above. 
On September 8, 1980, the total amount of runoff from the area 
between the Illinois and Michigan Canal and the Illinois River was 
calculated to be approximately 213 acre-feet of water. It can be assumed 
that this water had ponded in the low-lying areas before flooding from 
Carson Creek reached the I & M Canal and overtopped the towpath, as shown 
in figure 13. The area which would have been flooded by the 213 acre-feet 
of water is estimated to be 210 acres, based on figure 12. 
Allowing for infiltration of water into the ground for 24 hours at 
the rate of 0.2 inches per hour reduces the amount of water ponded to 130 
acre-feet after 24 hours. The 130 acre-feet of ponded water will cover an 
area of 145 acres. The 145 acres of land can therefore be assumed to have 
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Figure 13. Sequence of water pondage in a low-lying area 
25 
been flooded naturally without any contribution of water from the Illinois 
and Michigan Canal. 
The total area claimed to have been flooded in September 1980 is 230 
acres. Thus 85 acres of the flooded area (230 acres minus 145 acres), 
which is 37 percent of the total damage, can be attributed to the canal 
water. 
On June 13, 1981, the total amount of runoff from the area between 
the Illinois and Michigan Canal and the Illinois River was calculated to be 
about 268 acre-feet. This water, resulting from ponding in the low-lying 
areas, would have flooded approximately 240 acres. 
Allowing for infiltration of water into the ground for 24 hours at 
the rate of 0.2 inches per hour reduces the amount of water ponded to 172 
acre-feet after 24 hours. The 172 acre-feet of ponded water will cover an 
area of 185 acres. The 185 acres of land can therefore be assumed to have 
been flooded naturally without any contribution of water from the Illinois 
and Michigan Canal. 
The total area claimed to have been flooded in June 1981 is 205 
acres. Thus 20 acres of the flooded area (205 acres minus 185 acres), 
which is 10 percent of the total damage, can be attributed to the canal 
water. 
NATURAL DRAINAGE PRIOR TO CANAL CONSTRUCTION 
In order to evaluate the historic (natural) drainage of the area 
prior to the construction of the Illinois and Michigan Canal, the HEC-2 
program was used to compute water surface elevations for various flows. 
The input data to the model were modified to take into account the non-
existence of the canal. The flood elevations around the area under study 
were estimated for three discharges of 450 cfs (cubic feet per second), 
1000 cfs, and 1400 cfs. The results show that in the absence of the 
Illinois and Michigan Canal the flooding in the area under study would be 
more severe, with water depths ranging from 5 to 7 feet over the low-lying 
areas as shown in figure 14. Thus the Illinois and Michigan Canal has a 
beneficial role in that it reduces the flooding in the surrounding areas by 
carrying the Carson Creek floodwaters away faster than the natural drainage 
would. Without the Illinois and Michigan Canal most of the farmland under 
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Figure 14. Flood elevations without the Illinois and Michigan Canal 
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investigation would receive the floodwater from Carson Creek and would 
sustain more damage on a more frequent basis. 
SUMMARY AND CONCLUSIONS 
The following summary and conclusions have been derived from the 
results of the hydrologic and hydraulic analyses. 
1) Before any flooding starts in the study area due to overtopping of 
the Illinois and Michigan Canal, direct rainfall and local runoff cause 
ponding to occur in the low-lying areas due to very poor drainage 
characteristics of the soils. 
2) The flows in the Illinois and Michigan Canal created by the storm 
events of September 8, 1980 and June 13, 1981 overtopped the canal towpath 
in the area west of the Five-Mile Bridge (station 360+00). 
3) During the storm event of September 8, 1980 the percentage of 
flooding due to the overtopping of the towpath was about 37 percent. 
During the storm event of June 13, 1981 the percentage was about 10 
percent. 
4) The degree of flooding that probably would occur in the absence of 
the canal is greater than that currently occurring with the canal in place. 
This is because the canal carries most of the floodwaters of Carson Creek 
away from these low-lying areas. Thus the canal provides some flood 
protection. 
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APPENDIX A 
Hydraulics of Open Channel Flow 
The basic equation used in hydraulic analysis is the one-dimensional 
energy balance equation. The energy equation for open channel flow (see 
figure A-l for an illustration of the terms) is given as follows (Chow, 
1959): 
where 
z = the elevation of the channel bottom above the datum 
y = the depth of water 
a = the energy correction coefficient for non-uniform velocity 
distribution across a cross section 
V = Q/A, the average velocity, where Q = total discharge and A = 
cross-sectional area 
g = gravitational acceleration 
hL = energy loss between cross sections 1 and 2 
The subscripts 1 and 2 refer to cross sections 1 and 2, respectively. 
The energy loss, hL, is calculated by: 
, as shown in figure A-l, is the average friction slope for the 
reach, and Ax is the distance between the two cross sections. 
The friction slope, , at a cross section is computed from Manning's 
equation for uniform flow as follows: 
where 
C = 1.486 for English units and 1.0 for metric units 
R = hydraulic radius 
n = Manning's roughness coefficient 
Q and A are as defined previously 
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Figure A-l. Schematics of open channel flow 
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The roughness coefficient, n, includes effects of cross-sectional 
size and shape, bed form and roughness, and river planform or horizontal 
alignment. Ideally, discharge, area, wetted perimeter, and energy slope 
are measured directly and n is computed from the data. Practically, the 
data are rarely sufficient to compute n, so hydraulic computations and 
engineering judgment are generally used to determine n values. Guidelines 
based on experience and measurement have been compiled to assist in the 
selection of Manning's n. Typically these guidelines include photographs 
and verbal descriptions of channels with n values of certain magnitudes. A 
classic text (Chow, 1959) contains such a guideline. More recently the 
U.S. Geological Survey has published a manual, Roughness Characteristics of 
Natural Streams (Barnes, 1967), which includes similar information for 
streams in all parts of the United States. 
HEC-2 Water Surface Profile Calculation Techniques 
The water surface elevations along the Illinois and Michigan Canal 
for different discharges were computed using the U.S. Army Corps of 
Engineers' Water Surface Profile computer program (HEC-2) (Hydrologic 
Engineering Center, 1984). The HEC-2 program in its present form was 
developed by the U.S. Army Corps of Engineers at the Hydrologic Engineering 
Center at Davis, California (Thomas, 1975). The HEC-2 program calculates 
water surface elevations along a stream channel for given discharges, 
cross-sectional areas, and Manning's roughness coefficients. The flow 
along the river is assumed to be steady; therefore the program does not 
deal with changes of depth, discharge, and velocity in time. A flood wave, 
which changes rapidly in time, cannot be simulated by HEC-2. The other 
basic assumptions are that the flow is one-dimensional and varies gradually 
in space and that the channel slope is very mild. By assuming gradually 
varied flow, it is possible to use uniform flow equations to compute energy 
losses between successive sections (Chow, 1959; Feldman, 1981). 
The HEC-2 program computes water surface elevations along a stream 
channel by using equations 1, 2, and 3. The solution technique is the 
standard step method as outlined by Chow (1959). The standard step method 
is a trial and error technique for determining the water surface elevation 
at a cross section, provided that all the variables are known for the 
preceding cross section. It starts the computation with known water 
34 
surface elevation, discharge, and cross-sectional area at the first cross 
section, defined as the control point. The total energy at the first cross 
section, represented by the left-hand side of equation 1, is then 
calculated from the known values. The depth of water at the next cross 
section y2 in equation 1, is given a trial value. From the given cross-
sectional data and the assumed y2, the variables A and R for the next cross 
section are then computed. 
From the computed values of A and R and the given values of Q and n, 
the friction slope at that cross section is computed by equation 3. The 
average friction slope for the reach, , can be calculated in several 
different ways, but the arithmetic mean of the slopes for the preceding 
cross section and the one computed for the present cross section usually 
provide an adequate approximation. The energy head loss due to friction is 
then computed with equation 2. Additional energy losses due to contraction 
and expansion of the channel are also added to the friction head loss. 
The computed water surface elevation at the present cross section is 
then found by adding the difference in velocity head between the two cross 
sections and the total frictional and other head losses to the water 
surface elevation at the preceding cross section. From equation 1, the 
water surface elevation at the present cross section, Z2 + y2, is given by: 
If this computed water surface elevation is different from the 
estimated value, another estimate is made and the same procedure repeated 
until the difference between the computed and estimated water surface 
elevations is reduced to an acceptable value. Once the water surface 
elevation at that cross section is computed, the computation proceeds to 
the next reach. The newly computed values will now serve as the known 
values on the left-hand side of equation 1 for the next series of 
calculations. 
The direction of the water surface profile calculations depends on 
the nature of the flow. If the flow in the channel is subcritical, the 
control point is located at the downstream end of the study reach and the 
calculation proceeds in the upstream direction. On the other hand, if the 
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flow is supercritical, the control point is on the upstream end and the 
computation proceeds in the downstream direction. 
In most natural streams the flow is generally subcritical. Thus the 
water surface profile computation starts at a downstream control point, 
such as a dam, a constricted cross section, or any gaging station where the 
water surface elevation for a given discharge is known, and then proceeds 
in the upstream direction. 
The data required to run the HEC-2 program include channel geometry 
such as cross-sectional profiles and distance between cross sections; 
bridge profiles; and hydraulic characteristics such as Manning's roughness 
coefficients. A rating curve at the control point is also desirable. 
The HEC-2 program has a number of options and capabilities to deal 
with different kinds of flow problems encountered in water surface profile 
computations. It has different methods to simulate flow under and over 
bridges, it can map areas inundated by different frequency floods, and it 
can simulate floodplain encroachments and channel improvements. Detailed 
descriptions of these capabilities and options are found in several 
publications (Feldman, 1981; EEC, 1984; Thomas, 1975). 
REFERENCES 
Barnes, Harry H., Jr., 1967. Roughness characteristics of natural streams. 
U.S. Geological Survey Water Supply Paper 1849, Washington, D.C. 
Chow, Ven Te, 1959. Open channel hydraulics. McGraw Hill Book Company, 
Inc., New York. 
Feldman, Arlen D., 1981. HEC models for water resources system simulation: 
theory and experience. In Advances in Hydroscience, V.T. Chow, ed., 
Volume 12, Academic Press, Inc., New York. 
Hydrologic Engineering Center, 1984. Generalized computer program, HEC-2 
water surface profiles, users manual. U.S. Army Corps of Engineers, 
Davis, California. 
Thomas, W.A., 1975. Water surface profiles. Hydrologic engineering 
methods for water resources development, Volume 6, Hydrologic 
Engineering Center, U.S. Army Corps of Engineers, Davis CA. 
36 
APPENDIX B 
Descriptions of Soil Types* 
*Reprinted from Reineback, L.M., 1980. Soil survey of Grundy County, 
Illinois. Soil Conservation Service, U.S. Department of Agriculture, in 
cooperation with the University of Illinois Agricultural Experiment 
Station, Soil Report 112, Urbana, IL. 
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69—Milford silty clay loam. This nearly level, poorly 
drained soil is in broad depressional areas of uplands. It 
is subject to occasional flooding for brief periods from 
April to June. Individual areas are wide, long, and irregu-
larly shaped and range from 10 to 300 acres. 
Typically, the surface layer is black and very dark gray 
silty clay loam about 16 inches thick. The subsoil is 
. grayish brown, mottled, firm silty clay loam about 23 
inches thick. The underlying material to a depth of about 
60 inches is grayish brown, mottled silty clay loam. In 
some low areas the surface layer is more than 24 inches 
thick. In other places the subsoil contains less clay than 
is typical. 
Water and air movement is moderately slow in this 
soil. Runoff is very slow to ponded. The available water 
capacity is high. The shrink-swell potential is high. The 
organic-matter content is high. If cultivated when wet, 
the surface layer forms clods when dry. The water table 
is frequently within a depth of 2 feet in winter and spring. 
Most of the acreage is farmed. The potential is good 
for cultivated crops. It is poor for dwellings and septic 
tank absorption fields. 
This soil is suited to corn and soybeans. Wetness and 
poor soil tilth are the main limitations. Ponding occurs 
during rainy seasons. Tile drains and surface drains func-
tion satisfactorily if suitable outlets are available. 
Flooding, wetness, and the high shrink-swell potential 
are the main limitations in using this soil for dwellings. 
The hazard of flooding can be reduced by surface drain-
age and landscaping. The seasonal water table should 
be lowered and foundations designed to overcome the 
high shrink-swell potential. Adapting this soil as a septic 
tank absorption field is difficult. 
The capability subclass is llw. 
107—Sawmill silty clay loam. This nearly level, 
poorly drained soil is in broad level or slightly depres-
sional areas on flood plains along the rivers and major 
drainageways. It is subject to frequent flooding for brief 
periods from March to June. Areas are long stretches of 
varying widths paralleling the river or stream channel. 
Individual areas range from a few acres to more than 
200 acres. 
Typically, the surface layer is black silty clay loam 15 
inches thick. The subsurface layer is very dark gray silty 
clay loam about 10 inches thick. The subsoil to a depth of 
about 60 inches is dark gray and gray silty clay loam. In 
some places silt loam and sandy or gravelly layers occur 
in the lower part. In some small areas this soil has a lower 
clay content than is typical and is better drained. In some 
mucky areas the water table is high. Along the Illinois 
River and Aux Sable Creek the surface layer is calcare-
ous. 
Included in mapping and making up less than 15 per-
cent of the unit are small areas of the somewhat poorly 
drained Lawson soils that are at a slightly higher eleva-
tion or nearer the main channel. 
Water and air movement is moderate to moderately 
slow through this soil. Runoff is slow. The available 
water capacity is high. This soil is high in organic-matter 
content. The surface layer is sticky when wet. The water 
table is frequently within a depth of 2 feet in winter and 
spring. The shrink-swell potential is moderate. 
Most areas of this soil are farmed. Some are in grass 
and trees, either pastured or idle. The potential is good 
for cultivated crops or pasture. It is poor for dwellings. 
This Sawmill soil is suited to corn, soybeans, small 
grain, and grasses. Wetness and flooding are the main 
limitations. Drainage ditches are used to remove surface 
water. Returning crop residue to the soil helps to im-
prove tilth and reduce crusting. Floodwaters recede too 
slowly in some years for crops to survive. 
This soil is generally not suitable for dwellings and 
septic tank absorption fields because of the wetness and 
flooding. The areas are not protected. 
The capability unit is llw. 
149—Brenton silt loam. This nearly level, somewhat 
poorly drained soil is on low ridges in the uplands. Indi-
vidual areas are long and irregularly shaped and range 
from 5 to 300 acres. 
Typically, the surface layer is about 10 inches of black 
silt loam over 4 inches of very dark grayish brown silt 
loam. The subsoil is about 26 inches thick. The upper 
and middle parts are dark brown and grayish brown, 
mottled silty clay loam. The lower part is light brownish 
gray, mottled, stratified sandy loam and silt loam. The 
underlying material to a depth of about 60 inches is 
calcareous sand and gravelly sand. In some areas the 
subsoil is sandier than is typical. In some areas the lower 
part of the subsoil is calcareous at a depth of less than 
40 inches. In some areas the lower part of the substra-
tum is stratified loam, sandy clay loam, fine sandy loam, 
and silt loam. Depth to the underlying stratified sandy 
material is more than 40 inches in some places. 
Included with this soil in mapping are small areas of 
the well drained Proctor soils on ridges and the poorly 
drained Drummer soils in shallow depressions. These 
included soils make up less than 10 percent of the unit. 
Water and air movement is moderate in the subsoil 
and rapid in the underlying material. The available water 
capacity is high. Runoff is slow. The organic-matter con-
tent is high. The surface layer is friable and is easily 
tilled. The shrink-well potential is moderate in the sub-
soil. The water table is commonly within a depth of 3 
feet in winter and spring. 
Most areas of this soil are farmed. The potential is 
good for cultivated crops, hay, and pasture. It is poor for 
dwellings. 
This soil is suited to corn, soybeans, and small grain 
and to grasses and legumes for hay and pasture. 
Wetness is the main limitation in using this soil as a 
site for dwellings. The seasonal water table should be 
lowered. 
The capability class is I. 
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235—Bryce silty clay. This nearly level, poorly 
drained soil is on flat and slightly depressional uplands. It 
is subject to occasional flooding for brief periods from 
March to June. Individual areas are either long depres-
sional areas in drainageways of 2 to 10 acres or large 
irregularly shaped areas up to 500 acres. 
Typically, the surface layer is black silty clay about 11 
inches thick. The subsoil is about 30 inches thick. The 
upper part is very dark gray, firm silty clay, and the lower 
part is gray and dark gray, mottled, very firm silty clay. 
The underlying material to a depth of about 60 inches is 
gray, calcareous silty clay. In some places the surface 
layer is silty clay loam or silt loam. In some places the 
surface layer is more than 20 inches thick. 
Included with this soil in mapping are small areas of 
the somewhat poorly drained Swygert and Martinton 
soils. These included soils are in slightly elevated areas 
and make up less than 10 percent of the unit. 
Water and air move through this soil at a slow rate. 
Runoff is very slow. Some areas are temporarily ponded. 
The available water capacity is moderate. The organic-
matter content is high. The surface layer is very sticky 
when wet. The very clayey subsoil restricts root develop-
ment. The shrink-swell potential is moderate. The water 
table is often within a depth of 1 foot in winter and 
spring. 
Most of the acreage is farmed. The potential is fair for 
cultivated crops. It is poor for dwellings. 
This soil is suited to corn, soybeans, and small grain. It 
is too wet for good pasture or hay production. Keeping 
tillage at a minimum, managing crop residue, and adding 
other organic matter to the soil improve tilth. Tile drain-
age is ineffective because of the slow permeability. Sur-
face drains can be used. 
Wetness and flooding are the main limitations in using 
this soil as a site for dwellings. The seasonal water table 
should be lowered. Surface drains and landscaping 
reduce the hazard of flooding. 
The capability subclass is llw. 
330—Peotone silty clay loam. This nearly level, very 
poorly drained soil is on creek bottoms, in drainageways, 
or in depressional areas in uplands. It is subject to occa-
sional flooding for long periods from February through 
June. Areas are typically long and narrow and range 
from 3 to 90 acres. 
Typically, the surface layer is very dark gray silty clay 
loam about 19 inches thick. The subsoil is about 31 
inches thick. The upper part is very dark gray, firm and 
very firm silty clay loam. The lower part is dark gray and 
gray, mottled, very firm silty clay loam and silty clay. The 
underlying material to a depth of 69 inches is gray, 
mottled silty clay. In a few places the upper layer con-
tains muck or marl. In some places the very dark gray 
and black soil material is less than 24 inches thick, and 
in other places it is thicker than 36 inches. In some 
areas the subsoil contains less clay than is typical. 
Included with this soil in mapping and making up less 
than 7 percent of the unit are areas of the somewhat 
poorly drained Lawson soil in slightly elevated areas or 
near the creek banks. 
Water and air movement is moderately slow through 
this soil. Runoff is very slow to ponded. The available 
water capacity is high. The organic-matter content is 
high. The surface layer is somewhat sticky when moist 
and forms clods when dry. The shrink-swell potential is 
high. The water table is frequently within a depth of 1 
foot in winter and spring. 
Most of the acreage is farmed. The potential is fair to 
good for cultivated crops or pasture. It is poor for dwell-
ings. 
This soil is suitable for corn, soybeans, small grain, 
and pasture grasses. It is somewhat wet for some le-
gumes. Ponding and poor internal drainage are the mam 
limitations in cropping this soil. Surface ditches or tile 
drainage is needed. Tile outlets are sometimes unavail-
able or too distant. The spacing between the tiles should 
be reduced and backfilled with topsoil or other perme-
able filter material. Incorporating crop residue in the sur-
face layer helps to maintain good tilth. 
These soils are generally unsuitable for dwellings and 
septic tank absorption fields because of the wetness and 
the flooding. 
The capability subclass is llw drained. 
553—Bryce-Calamine Variant complex. These 
nearly level, poorly drained soils are on river terraces. 
They are subject to occasional flooding for long periods 
from January to April. Individual areas are long or irregu-
larly shaped and range from 10 to 300 acres. The map 
unit is 45 to 55 percent Bryce shale substratum soils and 
45 to 55 percent Calamine Variant soils. The Bryce soil 
is in the somewhat lower depressional areas or in drain-
ageways. The nearly level Calamine Variant soil is on 
flats. 
Typically, the Bryce soil has a black silty clay loam 
surface layer about 9 inches thick. It has a very dark 
gray silty clay subsurface layer about 12 inches thick. 
The subsoil is about 35 inches thick. The upper part is 
dark gray, mottled silty clay, and the lower part is olive 
gray, mottled silty clay. The underlying material is rippa-
ble shale bedrock. In some places the soil is deeper 
over bedrock than is typical. 
Typically, the Calamine Variant soil has a surface layer 
of black and very dark gray silty clay about 13 inches 
thick. The subsoil is olive gray and gray, mottled silty 
clay about 22 inches thick. The underlying material is 
layered rippable siltstone and shale bedrock. In some 
places the soil is shallower over the bedrock than is 
typical. 
Included with these soils in mapping are small areas of 
the somewhat poorly drained Shadeland soils. These 
included soils are in slightly higher areas and make up 5 
to 10 percent of the unit. 
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Water and air move through these soils at a slow rate. 
Runoff is very slow, and sometimes ponds form in 
depressional areas. The available water capacity is low 
for the Calamine Variant soil and moderate for the Bryce 
shale substratum. The organic-matter content is high. 
The surface layer is sticky when wet. If it is cultivated 
when wet, clods are likely to form. The shrink-swell po-
tential is moderate in both soils. The silty clay subsoil 
and the underlying bedrock restrict root development. 
The water table is frequently within a depth of 2 feet in 
winter and spring. 
Some areas of this unit are farmed. Some are urban-
ized. Some are in timber, brush, and weeds. The poten-
tial is poor for cultivated crops, hay, and pasture. It is 
also poor for dwellings. 
Corn, soybeans, small grain, or grasses can be grown. 
Wetness often delays seedbed preparation. Surface 
ditches are needed to improve drainage. The soils are 
too clayey and too shallow over bedrock for tile drainage 
to function well. Legume stands are subject to winter kill 
by frost heave. Grazing should be avoided when the soil 
is wet. 
This unit is generally not suitable for dwellings and 
septic tank absorption fields because of the wetness, the 
flooding, and the shallowness over bedrock. 
The capability subclass is llw. 
555—Shadeland loam. This nearly level, somewhat 
poorly drained soil is on terraces along the Illinois River. 
Individual areas are wide, long, or irregularly shaped and 
range from 3 to 200 acres. 
Typically, the surface layer is very dark grayish brown 
loam about 8 inches thick. The subsurface layer is gray-
ish brown loam about 5 inches thick. The subsoil is 
about 24 inches thick. The upper part is brown, mottled 
clay loam. The middle part is gray and grayish brown, 
mottled clay loam. The lower part is a thin layer of 
grayish brown silty clay. The underlying material is inter-
bedded rippable sandstone and shale bedrock. In some 
places the surface layer is lighter in color than is typical. 
In places the dark surface layer is thicker. In some 
places the subsoil is sandier than is typical, or it contains 
sandstone or shale fragments. The depth to bedrock is 
less than 20 inches in some places and more than 40 
inches in other places. 
Included with this soil in mapping are areas of the 
poorly drained Bryce shale substratum soils and Cala-
mine Variant soils in depressions and the moderately 
weli drained High Gap soils on ridges and on side slopes 
along drainageways. These included soils make up 5 to 
10 percent of the unit. 
Water and air move through this soil at a moderately 
slow rate. Runoff is slow. The organic-matter content is 
moderate. The available water capacity is moderate. The 
surface layer is friable. Sandstone and shale bedrock 
restrict root development. The shrink-swell potential is 
moderate. The water table is frequently within a depth of 
3 feet in winter and spring. 
Some areas of this soil are cultivated. Some are ur-
banized. Some are in parks, pasture, brush, or weeds. 
The potential is fair for cultivated crops, hay, or pasture 
It is poor for dwellings. 
Corn, soybeans, small grain, and grasses or legumes 
can be grown. The soil tends to be wet in spring be-
cause of the perched water table on the sandstone and 
shale bedrock. Stones on the surface layer interfere with 
tillage and harvest. Surface ditches are needed. 
Wetness and the shallowness over bedrock are the 
main limitations in using this soil as a site for dwellings. 
The soil is too shallow for dwellings with basements. For 
dwellings without basements, the water table can be 
lowered. 
The capability subclass is llw. 
556B—High Gap loam, 1 to 5 percent slopes. This 
nearly level to gently sloping, moderately well drained 
soil is on ridges and side slopes in terraced areas along 
the Illinois River. Individual areas are long and irregularly 
shaped and range from 5 to 200 acres. 
Typically, the surface layer is very dark grayish brown 
loam about 9 inches thick. The subsoil is about 27 
inches thick. The upper part is yellowish brown loam. 
The middle part is yellowish brown clay loam with 
common soft sandstone fragments. The lower part is a 
mixture of greenish gray silty clay loam and gray and 
yellowish brown loam that has common soft sandstone 
fragments. The underlying material is stratified, weath-
ered sandstone and shale, predominantly sandstone. In 
some places bedrock is within a depth of 20 inches and 
stones are on the surface. In some areas the depth to 
bedrock is more than 40 inches. In some areas the soil 
has a lighter colored surface layer than is typical. In 
some it has a siltier surface layer or a sandier subsoil. 
Included with these soils in mapping are small areas of 
the somewhat poorly drained Shadeland soils. These 
soils, at the bases of ridges or near the heads of drain-
ageways, make up less than 8 percent of the unit. 
Water and air move through this soil at a moderate 
rate to the bedrock and at a slow rate through the 
bedrock. Runoff is medium. The available water capacity, 
the shrink-swell potential, and the organic-matter content 
are moderate. 
Some of the acreage is cropped, and some is pas-
tured. Some is urbanized. Some is idle. Some is in parks 
or industrial plants. The potential is poor for cultivated 
crops or pasture. It is fair for dwellings without base-
ments and poor for sanitary facilities. 
Corn, soybeans, small grain, and hay or pasture can 
be grown. The soil is subject to blowing. Stones at or 
near the surface may interfere with cultivation and har-
vest. Managing crop residue and keeping tillage at a 
minimum help to reduce soil blowing. 
Soil depth is the main limitation in using this soil as a 
site for dwellings without basements. Foundations should 
be designed accordingly. 
The capability subclass is llle. 
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811—Aquolls. Aquolls are level, low-lying marshy soils 
mostly along or near the rivers and the old Illinois-Michi-
gan Canal. They are on the flood plain or on the low 
terraces, or second bottoms. Individual areas are long or 
irregularly shaped and range from 6 to more than 350 
acres. 
The material is muck mixed with sand, silt, or clay. In 
some areas it overlies shale or sandstone bedrock. The 
water table is at or near the surface most of the time. 
The plant cover is various types of swamp grasses, cat-
tail, weeds, willow, water lilies, brush, and cottonwood. 
Aquolls are not drained. Some are in drainageways, but 
most are covered with stagnant water. The material is 
typically high in content of organic matter. 
Areas of Aquolls are used only as wetland wildlife 
refuge. Only a few, however, are managed for this pur-
pose. Some are included with areas that are pastured. 
Aquolls are not suitable for crops or pasture because 
of wetness. They are difficult to drain because they are 
lower than the surrounding areas and adequate outlets 
are not generally accessible. 
The capability subclass is Vlllw. 
41 
